PATENT ABSTRACTS OF JAPAN 



(ll)Publication number : 2002- 196296 

(43)Date of publication of application : 12.07.2002 



(5l)IntCL 



G02F 1/035 
G02B 6/12 



(21) Application number : 2000-392456 (7 1) Applicant : MITSUBISHI ELECTRIC 

CORP 

25.12.2000 (72)Inventor : KANEKO SHINICHI 



(22)Date of filing: 



(54) OPTICAL MODULATOR 




(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
optical modulator for outputting an optical 
signal which is faithful to the wave form of an 
electric signal with a simple structure. 
SOLUTION: The optical modulator is provided 
with a branching part 3, two optical waveguides 
1 and 2 which are branched from the branching 
part, electrodes 5 and 7 which apply an electric 
field to at least one of the two optical 
waveguides, and a synthesizing part 4 for 
synthesizing optical beams which has 
respectively propagated through the two optical 
waveguides. The two optical waveguides is 
provided with optical waveguides of a photonic 
crystal 9 in which two or more optical media 
form a periodic structure. 



[Claim(s)] 

[Claim l] The optical modulator which was equipped with the electrode which 
impresses electric field to one [ at least ] optical waveguide of a tee, two optical 
waveguides which branched from the aforementioned tee, and the two aforementioned 
optical waveguides, and the multiplexing section which makes it multiplex the light 
which spread the two aforementioned optical waveguides, respectively, and the two 
aforementioned optical waveguides equip with the optical waveguide of the photograph 
nick crystal into which the medium of two or more kinds of light comes to form periodic 
structure. 

[Claim 2] The optical modulator according to claim 1 which is the optical waveguide 
which at least one side of the two aforementioned optical waveguides equips with the 
delay-line section for delaying a lightwave signal. 

[Claim 3] The optical modulator which branches from a tee and the aforementioned tee 
and is equipped with the 1st optical waveguide equipped with the photograph nick 
crystal two or more kinds of whose media come to form periodic structure, the 2nd 
optical waveguide which has a different crystalline array from the 1st optical 
waveguide of the above, and the electrode which impresses electric field to the 1st 
optical waveguide of the above at least. 

[Claim 4] The optical modulator which it had the optical waveguide equipped with the 
photograph nick crystal two or more kinds of whose media come to form periodic 
structure, and the electrode which impresses electric field to the aforementioned 
optical waveguide, and the outgoing radiation end face of the aforementioned optical 
waveguide crossed in the direction in which the optical waveguide concerned is 
prolonged aslant, and is in contact with the medium which spreads light. 
[Claim 5] The optical modulator according to claim 1 to 4 which is the medium by 
which at least one of the media of two or more kinds of light which makes the 
aforementioned periodic structure has the electro-optical effect. 

[Claim 6] The optical modulator according to claim 1 to 5 whose length of one period of 
the periodic structure of the aforementioned photograph nick crystal is below the 
wavelength of the light for a modulation. 
[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] More specifically, this invention relates 
to the optical modulator which changes an electrical signal into a lightwave signal in 
lightwave signal transmission of an optical transmission system etc. about an optical 



modulator. 
[0002] 

[Description of the Prior Art] Drawing 11 is a principle view explaining the 
conventional optical modulator (G. KGopalakrishnan et.al., JOURNAL OF 
LIGHTWAVE TECHNOLOGY, VOL.12, No. 10, Oct. 1994, pl807). This optical 
modulator 110 is equipped with the optical waveguide formed in substrates, such as 
LiNb03 which has the electro-optical effect, and the electrode formed on the substrate 
impressing electric field to the optical waveguide. An optical waveguide is equipped 
with Y multiplexing section 104 for combining with one optical waveguide the light 
which has spread the Y tee 103, the two optical- waveguide sections 101,102 which 
branched by Y tee, and the two optical-waveguide sections sequentially from the 
travelling direction of light. An electrode consists of a signal electrode 105 and a grand 
electrode 107. It is used in order that a signal electrode 105 may impress electric field 
to the two above-mentioned optical- waveguide sections, and it combines with the 
electrical signal which spreads a signal electrode in electric field, and the grand 
electrode 107 is constituted so that a coplanar track may be formed. If an electrical 
signal is inputted into a signal electrode, according to an input electrical signal, electric 
field will be impressed to the optical-waveguide section. Since substrates, such as 
LiNb03 which forms the optical waveguide, have the electro-optical effect, the 
refractive-index change according to electric field generates them. Although drawing 11 
shows the composition in which electric field are impressed only to one optical 
waveguide 102, since the electric field of a retrose are usually mutually impressed to 
the two above-mentioned optical-waveguide sections, refractive index change takes 
place conversely mutually in the two waveguide sections. For this reason, in one 
waveguide section, since a refractive index increases and a refractive index decreases 
in the waveguide section of another side, the phase change of the light by electric-field 
impression is doubled. Consequently, if the light which spread two optical waveguides 
is multiplexed in Y multiplexing section, the change of optical intensity according to 
the phase relation of the light of the both sides which have bigger phase contrast will 
take place. Since the phase relation of the light of these both sides is brought about by 
the electrical signal, it can produce change of optical intensity with an electrical signal. 
The conventional optical modulator had changed the electrical signal into the 
lightwave signal by the above principles of operation. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned 
conventional optical modulator, the propagation velocity of an electrical signal and a 



lightwave signal differs, and, generally the propagation velocity of a lightwave signal is 
larger than the propagation velocity of an electrical signal. For this reason, the 
situation where the electrical signal of a RF is not faithfully convertible for a lightwave 
signal arises. Drawing 12 shows the wave of the lightwave signal modulated and 
outputted by the optical modulator, when the electrical signal of a RF is inputted. By 
drawing 12 , for convenience, as shown in drawing 11 , the optical-waveguide section 
was divided into the three sections, and the phase change of explanation received in 
each section is considered. Since a phase change is changed into an optical 
on- the- strength change by making the light which has spread the two 
optical-waveguide sections interfere as mentioned above, a phase change can be 
considered to be on- the -strength change of a lightwave signal. As shown in the left end 
portion of drawing 12 , since the difference in the propagation distance of a lightwave 
signal and an electrical signal is small, in the section LI near the signal input part of a 
lightwave signal, it receives the phase change of the same wave as the impressed 
electrical signal. In the section L2, as shown in a part for the center section of drawing 
12 , since the propagation velocity of light is larger than the propagation velocity of an 
electrical signal, the influence to which a phase is changed in the section LI to the light 
of the range which shifted from the light of the range which carried out the phase 
change in time is done. Thus, if the section is divided and a phase change is repeated, 
all phase changes will serve as a phase change distribution which the level difference 
attached. That is, the phase change received even in the section L2 from the branched 
position turns into a phase change which the level difference attached. Furthermore, if 
it spreads to the section L3, as shown in the right end portion of drawing 12 , the 
influence to which a phase is changed to the range further shifted rather than the 
range of the light influenced of the phase change in the section LI and the section L2 
will be done. For this reason, the distribution of the phase change in the time of 
spreading to the section L3 turns into a distribution which the level difference attached 
too. For this reason, the result which cannot change an electrical signal into a 
lightwave signal faithfully is produced. As mentioned above, in drawing 12 , although 
the case of explanation where divided the section and a phase change was given in 
concentrated constant for convenience in each section was discussed, in the 
optical-waveguide section, a phase is changed in distributed constant in fact. For this 
reason, all the phase changes in the case of being actual serve as a wave like a 
mountain to which the standup/falling of not the wave to which the level difference was 
attached but the original electrical signal wave shift in a smooth curve. If the bit rate of 
an electrical signal becomes high, influence of the gently-sloping curve of the standup 



section / falling section to the whole wave cannot be disregarded, but big property 
degradation will arise. 

[0004] Thus, in the conventional optical modulator, since the propagation velocity of an 
electrical signal is smaller than the propagation velocity of a lightwave signal, if it is 
going to transform the electrical signal of a RF to a lightwave signal faithfully, the 
phase change per unit length must be enlarged and the amount of propagation delaies 
to the lightwave signal of an electrical signal must be made small. However, in order to 
enlarge the phase change per unit length, it is necessary to enlarge voltage impressed 
to an electrode, and high speed and a high power drive circuit are needed. You have to 
avoid such a situation. 

[0005] The proposal which forms an optical modulator in the photograph nick crystal 
which has periodic structure on the other hand is made (JP,11-330619,A). In this 
optical modulator, an optical-activity field is prepared and it has the structure which 
applies a modulation to the light which spreads this field. However, in these optical 
modulators, the composition of equipment becomes complicated and the case where 
processing is difficult arises ■- there is the need of preparing an optical- activity field in 
a photograph nick crystal. 

[0006] Then, this invention aims at offering the optical modulator which can output a 
lightwave signal faithful to the wave of an electrical signal according to brief structure. 
[0007] 

[Means for Solving the Problem] The optical modulator in the 1st aspect of affairs of 
this invention was equipped with the electrode which impresses electric field to one [ at 
least ] optical waveguide of a tee, two optical waveguides which branched from the tee, 
and two optical waveguides, and the multiplexing section which makes it multiplex the 
light which spread two optical waveguides, respectively, and two optical waveguides 
are equipped with the optical waveguide of the photograph nick crystal into which the 
medium of two or more kinds of light comes to form periodic structure (claim l). 
[0008] By this composition, when the material which has the electro-optical effect, an 
electrostrictive effect, etc. is included, the band curve showing the relation of a 
frequency-wave vector deforms into the inside of the medium which makes periodic 
structure by impressing electric field. Here, the band curve of the light in a photograph 
nick crystal points out the following thing. First, general wave propagation is explained, 
(a) If the wave vector of a wave approaches the predetermined boundary value 
(Brillouin zone boundary) proportional to the inverse number of a period when a wave 
spreads the medium which has periodic structure, the wave which advances to an 
opposite direction by diffraction phenomena will become large, the wave and wave of 



an opposite direction will interfere, and a standing wave will be formed. 

(b) Near the Brillouin-zone boundary, a wave cannot have an energy value arbitrarily 
but can do the so-called forbidden band of energy. The energy difference equivalent to 
this forbidden band is called band gap. Since energy is proportional to frequency in a 
wave, it is the same as a forbidden band being made to frequency that the forbidden 
band of energy is made. It means that the wave of the frequency of the predetermined 
range from which this is equivalent to an energy gap with periodic structure cannot 
spread the periodic structure. 

(c) In the range of the wave vector which generally is not in a Brillouin-zone boundary 
closely although the relation between the frequency of a wave and a wave vector is 
called dispersion relation, frequency and a wave-vector value become nonlinear near 
the Brillouin-zone boundary, although linear relation (straight line) is realized. Usually, 
when energy is the band curve (frequency wave vector relation) to which a low ground 
state belongs most, this nonlinear curve turns into a convex mountain type curve. 

(d) If an electron is considered as a wave during the crystal which is the periodic 
structure itself, it can explain and predict the phenomenon in which the 
above-mentioned band theory is very good, and actual. For this reason, to the electron 
under crystal of a semiconductor etc. (electron), it is developed and established and the 
above-mentioned band theory serves as a fundamental theoretical support of the 
principle of operation of various semiconductors. 

(e) Since light also has the character as a wave, **** of the above-mentioned band 
theory is appliable on form. Then, the crystal whose medium of light comes to form 
periodic structure is called photograph nick crystal, a phenomenon peculiar to light 
attracts attention, and research is advancing now. In the case of light, the inverse 
number of the inclination of the tangent in a wave vector value with a band curve 
(frequency wave-vector curve) is proportional to a refractive index. The inverse number 
of the inclination of the tangent near [ in a curve mountain type / near / which a band 
gap produces / the Brillouin-zone boundary ] a summit serves as a very big value. That 
is, the light of the wave-vector value near [ which produces a band gap ] the Brillouin 
zone will progress the inside of the medium of a very large refractive index. Since the 
propagation velocity of light becomes so small that a refractive index is large, the 
propagation velocity of the light which has a wave vector near the Brillouin-zone 
boundary becomes small. In addition, since a wave vector is proportional to the inverse 
number of the wavelength of the light at the time of progressing in the predetermined 
direction, it may call the thing of a wave vector wavelength. 

[0009] In the optical modulator of the 1st aspect of affairs of the above-mentioned this 



invention therefore, since the wavelength, then the refractive index of for example, 
near a Brillouinzone boundary become very large, the propagation velocity of light 
becomes small and can make wavelength of the light which spreads an optical 
waveguide the same grade as the propagation velocity of an electrical signal. If electric 
field which are different in two waveguides are impressed under such a situation, the 
refractive index of the photograph nick crystal of two optical waveguides will change to 
an electrical signal faithfully. For this reason, the phase of the light after spreading two 
optical waveguides will be mutually different. If these two light is multiplexed, the 
synthetic wave according to phase contrast is formed, and phase contrast can be taken 
out as an optical onthestrength change. It means that the phase contrast of two light 
had changed the electrical signal into the optical on- the -strength signal since it was 
made to be generated by impressing an electrical signal. And the output lightwave 
signal by which outgoing radiation is carried out becomes what was reflected as it was, 
without distorting the wave of an electrical signal, since optical propagation velocity is 
small. In addition, as long as the field strength impressed to both optical waveguides 
differs, the electric field also of the electric field or **** of the same sign as both optical 
waveguides are also good, and may apply the electric field of a retrose mutually. 
Moreover, you may apply electric field only to one optical waveguide. 
[0010] In the optical modulator in the 1st aspect of affairs of the above-mentioned this 
invention, it is desirable that it is the optical waveguide which at least one side of two 
optical waveguides equips with the delay-line section for delaying a lightwave signal, 
for example (claim 2). 

[0011] Since the propagation velocity of the direction which an electrical signal spreads 
becomes small, the light which passes along the delay line section in this composition 
can double the propagation velocity of a lightwave signal, and the propagation velocity 
of an electrical signal by setting the degree of delay of this delay-line section as the 
suitable range. For this reason, the optical on the strength signal which has an output 
wave faithful to the wave of an electrical signal can be acquired now by applying the 
modulation by the electrical signal which has the propagation velocity suitable for the 
propagation velocity of light. It does not interfere, even if it impresses electric field to 
both optical waveguides also in this case. Moreover, the delay-line section may be 
prepared only in one side of an optical waveguide, and may be prepared in both. 
[0012] The optical modulator in the 2nd aspect of affairs of this invention branches 
from a tee and a tee, and is equipped with the 1st optical waveguide equipped with the 
photograph nick crystal in which two or more kinds of media come to form periodic 
structure, the 2nd optical waveguide which has a different crystalline array from the 



1st optical waveguide, and the electrode which impresses electric field to the 1st optical 
waveguide at least (claim 3). 

[0013] A modulation is applied in the optical modulator of the 2nd aspect of affairs of 
this invention, without using interference of light. That is, the band gap of a 
photograph nick crystal is changed and it is made to contain the frequency omega 1 
which spreads the 1st optical waveguide which was not contained in the forbidden 
band by applying electric field in a forbidden band by electric -field impression before 
electric-field impression. For this reason, in order for it to become impossible for the 
light of the frequency to spread one optical waveguide and to turn to the optical 
waveguide of another side, the luminous intensity which carries out outgoing radiation 
of the optical waveguide of another side becomes high. According to this composition, 
an electrode commits switching to the 1st optical waveguide by electric-field impression. 
After electric-field impression, light will spread the 2nd optical waveguide which does 
not have for example, periodic structure by big intensity. Since light turns to the way of 
the part and the 2nd optical waveguide it became impossible to spread the 1st optical 
waveguide, the luminous intensity which spreads the 2nd optical waveguide increases. 
Thus, the optical intensity which spreads the 2nd optical waveguide can be modulated 
by adjusting the luminous intensity which spreads the 1st optical waveguide. By this 
modulation mechanism, since interference etc. is not used, regardless of 
electron-transfer time etc., it is faithfully convertible for a lightwave signal with the 
electrical signal of a RE As long as the above-mentioned situation is realized also in 
this case, you may impress electric field to both optical waveguides. 
[0014] It had the optical waveguide equipped with the photograph nick crystal two or 
more kinds of whose media come to form periodic structure, and the electrode which 
impresses electric field to an optical waveguide, the outgoing radiation end face of an 
optical waveguide crossed in the direction in which the optical waveguide concerned is 
prolonged aslant, and the optical modulator in the 3rd aspect of affairs of this invention 
is in contact with the medium which spreads light (claim 4). 

[0015] With this composition, the outgoing radiation angle at the time of carrying out 
outgoing radiation of the outgoing radiation end face can be changed by changing the 
refractive index of an optical waveguide by electric-field impression. In this case, when 
preparing the light sensing portion which receives the outgoing radiation light for 
outgoing radiation angle change of light, for example, luminous-intensity change can 
be further expanded through a position gap in the light sensing portion. This light 
modulation is faithfully convertible for an optical on the strength signal regardless of 
electron- transfer time etc. with the electrical signal of a RF. 



[0016] In the optical modulator of the above-mentioned this invention, it is desirable 
that it is the medium by which at least one of the media of two or more kinds of light 
which makes periodic structure has the electro optical effect, for example (claim 5). 
[0017] By the above-mentioned composition, the band line of a photograph NIKUSU 
crystal can be changed a lot by impressing electric field, and the refractive index of a 
photograph NIKKUSU crystal can be certainly changed a lot by impression of smaller 
electric field. 

[0018] In the optical modulator of the above-mentioned this invention, it is desirable 
for the length of one period of the periodic structure of a photograph nick crystal to be 
below the wavelength of the light for a modulation for example, (claim 6). 
[0019] By this composition, an optical phenomena unique as a photograph NIKUSU 
crystal can be obtained more certainly. That is, it is possible by making the length of 
one period of periodic structure below into the wavelength of the light for a modulation 
to acquire more certainly effects, such as bigger dispersibility and low loss in a steep 
angle change of travelling direction. 
[0020] 

[Embodiments of the Invention] Next, the gestalt of operation of this invention is 
explained using a drawing. 

(Gestalt 1 of operation) Drawing 1 is a ** type view explaining the optical modulator in 
the gestalt 1 of operation of this invention. The period of periodic structure is below the 
wavelength of the light of the object to which a modulation is applied, and at least one 
medium has the electro-optical effect among two or more media. The optical modulator 
10 is equipped with Y multiplexing section 4 for multiplexing the light which has 
spread the Y tee 3, two optical waveguides 1 and 2 which have branched from Y tee, 
and these two optical waveguides sequentially from the input direction of light to one 
optical waveguide. Moreover, it has as an electrode the signal electrode 5 for 
impressing electric field to one side of the two optical waveguides, and the grand 
electrode 7 constituted so that it might combine with the electrical signal which 
spreads a signal electrode in electric field and a coplanar track might be formed. 
[0021] Next, operation of this optical modulator is explained. First, the property of the 
periodic structure which consisted of media by which refractive indexes differ is 
explained. The periodic structure of having the period of the wavelength order of the 
light which consisted of media by which refractive indexes differ is called photograph 
nick crystal, and shows various unique properties (upper parts of rivers, application 
physics, volume [ 68th ] No. 12 (1939) pl335). Especially, high dispersibility can be 
raised as a property characteristic of a photograph nick crystal. Drawing 2 is drawing 



having shown the dispersion relation of the photograph nick crystal to the light spread 
in the predetermined direction. If the light of the optical frequency omega 0 near the 
Brillouin zone boundary is made to spread, since the inclination of a dispersion curve is 
small, it turns out that dispersibility with a high photograph nick crystal is shown 
[ near / the / the optical frequency ]. Here, distribution is the property in which the 
refractive indexes of a medium differ according to wavelength. As mentioned above, a 
refractive index is proportional to the inverse number of the inclination of the tangent 
of a band curve. For this reason, as a photograph nick crystal, a refractive index is a lot 
changeable according to the wavelength of the light which carries out incidence. That is, 
when the wavelength which performs light modulation is decided, by changing the 
band gap in a Brillouinzone boundary, dispersibility can be changed and the refractive 
index to the light can be adjusted. 

[0022] Next, the optical modulator using this photograph nick crystal is explained. 
Since at least one of the media which constitute a photograph nick crystal has the 
electro optical effect, if an electrical signal is inputted into a signal electrode, the 
electric field according to the input electrical signal will be impressed to one 
optical-waveguide section, and the refractive-index change according to electric field 
generates it. The refractive index of the optical waveguide of another side changes and 
remains as it is. For this reason, if the light which spread two optical waveguides is 
multiplexed in Y multiplexing section 4, the synthetic wave according to the phase 
relation of both light will be formed of the interference effect. That is, the 
luminous-intensity change according to the input electrical signal arises. The optical 
modulator in the gestalt of this operation has changed the electrical signal into the 
lightwave signal by such the principle of operation. 

[0023] As mentioned above, since the optical waveguide is constituted by the 
photograph nick crystal, by changing the band gap, it can change the form of a band 
curve and can change the refractive index of an optical waveguide. The propagation 
velocity of the light in an optical waveguide is mainly dependent on the refractive index 
of a medium, and if the refractive index of a medium is large, the propagation velocity 
of light will become small. Then, an optical modulator faithfully convertible [ with the 
electrical signal of a RF ] into a lightwave signal can be obtained by adjusting a 
refractive index appropriately so that the propagation velocity of an electrical signal 
and the propagation velocity of the lightwave signal in an optical waveguide may suit. 
[0024] Drawing 3 is drawing which is outputted when the electrical signal of a RF is 
inputted to the optical modulator in the gestalt of this operation and in which showing 
the wave of the changed lightwave signal. In addition, also in drawing 3 , like the 



output lightwave signal in the optical modulator shown in the conventional example, 
an optical waveguide is divided into the three sections for convenience, and the phase 
change received in each section is investigated. As mentioned above, since a phase 
change is changed into an optical on the strength change by making two light which 
has spread two optical waveguides interfere mutually, it can be caught with 
on-the-strength change of a lightwave signal. In drawing 3 , in the section LI near the 
lightwave signal input section, the section L2 of pars intermedia, and the last section 
L3, since the refractive index is appropriately adjusted so that the propagation velocity 
of an electrical signal and the propagation velocity of the lightwave signal in an optical 
waveguide may suit, a gap of an electrical signal and a lightwave signal does not arise 
in each section. For this reason, a lightwave signal receives the phase change of the 
same wave as the impressed electrical signal. 

[0025] Thus, in the optical modulator of the gestalt of this operation, the band gap of a 
photograph nick crystal can be changed and a refractive index can be appropriately 
adjusted so that the propagation velocity of an electrical signal and the propagation 
velocity of the lightwave signal in an optical waveguide may suit. For this reason, the 
gap with an electrical signal and a lightwave signal does not arise in each section, but 
it can change into a lightwave signal faithfully also to the electrical signal of a RF. 
Moreover, since the gap with an electrical signal and a lightwave signal does not arise, 
an optical waveguide can be lengthened and the phase change per unit length of an 
optical waveguide can be made small. For this reason, voltage impressed to an 
electrode can be made small, and it can be made to hear enough a modulation and can 
drive now also in the small drive circuit of an output. 

[0026] Drawing 4 is a ** type view explaining another formation of the gestalt 1 of 
operation of this invention. In drawing 4 , signal electrodes 5 and 15 are formed so that 
electric field may be impressed to two optical waveguides 1 and 2. For this reason, if it 
arranges for example, so that electric field may be mutually impressed to a retrose to 
two optical waveguides 1 and 2, since change of a refractive index will arise in a retrose, 
the difference of the phase of the light which spread two optical waveguides is doubled 
compared with the case where electric field are impressed to one optical waveguide. For 
this reason, it can face applying a modulation, without the gap with an electrical signal 
and a lightwave signal arising, an optical waveguide can be further lengthened as 
compared with the gestalt 1 of operation, and the phase change. per unit length of an 
optical waveguide can be made still smaller. In addition, both may be pluses as long as 
the electric field impressed to both optical waveguides are different. 
[0027] (Gestalt 2 of operation) Drawing 5 is a ** type view explaining the optical 



modulator in the gestalt 2 of operation of this invention. The optical modulator in the 
gestalt of this operation is formed in the photograph nick crystal into which two or 
more media by which refractive indexes differ are making periodic structure. The 
period of the periodic structure in a photograph nick crystal is below the wavelength of 
the light of the object to which light modulation is applied, and at least one medium 
which constitutes the periodic structure has the electro-optical effect. 
[0028] The optical modulator 10 is equipped with Y multiplexing section 4 for 
multiplexing the light which has spread the Y tee 3, two optical waveguides 1 and 2 
which have branched from Y tee, and these two optical waveguides sequentially from 
the input direction of light to one optical waveguide. Moreover, it has as an electrode 
the signal electrode 5 for impressing electric field to one side of the two optical 
waveguides, and the grand electrode 7 constituted so that it might combine with the 
electrical signal which spreads a signal electrode in electric field and a coplanar track 
might be formed. It is the big feature in the gestalt of this operation that one [2 ] of two 
optical waveguides 1 and 2 is equipped with the delay-line section 12 for delaying a 
lightwave signal. 

[0029] Next, operation is explained. First, the property of the optical waveguide formed 
of the periodic structure which consists of a medium by which refractive indexes differ 
is explained. The optical waveguide constituted by the photograph nick crystal which 
consisted of media by which refractive indexes differ, and which consists of periodic 
structure of the wavelength order of light can spread light without loss also to steep 
deflection as shown in the reference of previous upper parts of rivers. Since at least one 
of the media which constitute a photograph nick crystal has the electro-optical effect, if 
an electrical signal is inputted into a signal electrode, the electric field according to the 
input electrical signal will be impressed to an optical waveguide, and the 
refractive -index change according to electric field will produce it. 

[0030] The optical waveguide 2 of the way which impresses electric field has the 
delay-line section 12. The enlarged view of the delay-line section is shown in drawing 6 . 
Since it is formed as the photograph nick crystal like [ this optical waveguide ] the 
optical waveguide which does not have the delay-line section, light can also spread a 
part for the steep bend section of the delay-line section 12 without loss as mentioned 
above. By making it multiplex the light which spread the optical waveguide 1 which 
does not contain the delay-line section, and the light which spread the optical 
waveguide 2 containing the delay-line section 12, interference is produced and a phase 
change can be changed into on -the -strength change. At this time, it is faithfully 
convertible for a lightwave signal by preparing the delay-line section and adjusting the 



propagation time with the electrical signal of a RF so that the propagation velocity of 
an electrical signal and the propagation velocity of the lightwave signal which spreads 
an optical waveguide may suit. 

[0031] The wave of the changed hghtwave signal outputted when the electrical signal 
of a RF is inputted can be divided into the three sections for convenience like the 
output wave in the form 1 of operation of drawing 3 , and can be considered. Also in the 
form 2 of this operation, like drawing 3 , the gap with an electrical signal and a 
lightwave signal does not arise, but can consider as the phase change of the same wave 
as the impressed electrical signal in each section. 

[0032] Thus, at the optical modulator of the gestalt of this operation, the propagation 
time is appropriately adjusted in the optical delay line so that the propagation velocity 
of an electrical signal and the propagation velocity of the lightwave signal in an optical 
waveguide may suit. For this reason, the gap with an electrical signal and a lightwave 
signal does not arise in each section, but it can change into a lightwave signal faithfully 
also to the electrical signal of a RF. Moreover, since the gap with an electrical signal 
and a lightwave signal does not arise, an optical waveguide can be lengthened and the 
phase change per unit length of an optical waveguide can be made small. For this 
reason, voltage impressed to an electrode can be made small, and it can be made to 
hear enough a modulation and can drive now also in the small drive circuit of an 
output. 

[0033] (Form 3 of operation) Drawing 7 is a ** type view explaining the optical 
modulator in the form 3 of operation of this invention. The optical modulator in the 
form of this operation is equipped with the 1st optical waveguide 1 to which two or 
more media by which the refractive indexes containing the medium which has at least 
one kind of electro optical effect differ made periodic structure, and the 2nd optical 
waveguide 2 which has a different crystalline array 19 from the 1st optical waveguide. 
A different crystalline array from the 1st optical waveguide says the crystalline array 
which broke down the periodic structure of the 1st optical waveguide and introduced 
the defect. Moreover, as shown in drawing 7 , this optical modulator impressed electric 
field to the optical waveguide 1, and is equipped with the electrode to which the band 
gap formed of periodic structure is changed. The period of this periodic structure is 
below the wavelength of the light of the object to which a modulation is applied. In 
addition, it combined with the signal electrode 5 for impressing electric field to an 
optical waveguide, and the electrical signal which spreads a signal electrode in electric 
field, and the electrode is equipped with the grand electrode 7 constituted so that a 
coplanar track might be formed. As long as a signal electrode 5 can apply electric field 



to an optical waveguide 1, it may require electric field for an optical waveguide 2. 
[0034] Drawing 8 is drawing showing the dispersion relation of a photograph nick 
crystal. If the band gap of a photograph nick crystal is changeable by impressing 
electric field as shown in this drawing, let light of the angular frequency omega 1 
which is not in a forbidden band be the light of the forbidden band in a band gap by 
impressing electric field before electric-field impression. For this reason, it becomes 
impossible to spread the light which had spread the 1st optical waveguide 1 which 
branched from the Y tee 3 by impressing electric field, and it turns to the 2nd optical 
waveguide. 

[0035] If the defective way which does not form for example, periodic structure in a 
photograph nick crystal is prepared as the 2nd optical waveguide, the light to which 
surroundings intensity increased [ the light to which propagation of an optical 
waveguide 1 was forbidden ] on the defective way will spread the 2nd optical 
waveguide. Therefore, before impressing electric field, after electric field are impressed 
to having been small as for the luminous intensity which had spread the defective way 
which is the 2nd optical waveguide, the optical intensity outputted from the output 
port of a defective way becomes large. 

[0036] Thus, since the waveguide conditions of the optical waveguide which was formed 
of the photograph nick crystal and was are changed using electric field, regardless of 
electron-transfer time etc., a lightwave signal is faithfully convertible with the 
electrical signal of a RF. 

[0037] In addition, although drawing 7 showed the linear example as an optical 
waveguide, as shown in drawing 9 , when a deflection waveguide is introduced and the 
input section and the output section of an optical waveguide offset, bigger optical 
output change, i.e., efficient light modulation, can be performed. 

[0038] (Form 4 of operation) Drawing 10 is drawing explaining the optical modulator in 
the form 4 of operation of this invention. The optical modulator in the form of this 
operation is equipped with the optical waveguide 1 in which two or more media by 
which refractive indexes differ made and formed periodic structure, and the electrodes 
5 and 7 to which the band gap which impresses electric field to this optical waveguide, 
and originates in periodic structure is changed. The length of the period of periodic 
structure is below the wavelength of the light for a modulation. Outgoing radiation 
end-face 10a of an optical waveguide inclines aslant to the direction where an optical 
waveguide is prolonged. An outgoing radiation end face must not be perpendicular to 
the direction where an optical waveguide is prolonged here. As explained previously, 
the photograph nick crystal which has the periodic structure of the wavelength order of 



the light which consists of media by which refractive indexes differ has high 
dispersibility. By changing the band gap of a photograph nick crystal, this dispersibility 
is clearly changeable. That is, the refractive index of a photograph nick crystal is 
changeable by changing a band gap with applied voltage. 

[0039] Next, this optical modulator is explained. Drawing 10 The outgoing radiation 
end face of an optical waveguide leans aslant to the direction where an optical 
waveguide is prolonged so that it may be shown. For this reason, if a band gap is 
changed with applied voltage and the refractive index of a photograph NIKKUSU 
crystal is changed, an outgoing radiation angle will change. When the refractive index 
of the medium by which the refractive index of an optical waveguide 1 touches the 
outgoing radiation end-face 10a by nl is n2, the relation of nlsinthetal=n2sintheta2 is 
realized. Therefore, theta 2 is more nearly changeable than changing nl, without 
changing thetal and n2. In addition, it is the angle of the normal of theta 1 and theta2 
outgoing-radiation end-face 10a, and light to make. Drawing 10 The light after 
outgoing radiation passes along a condenser lens 21, and if it constitutes so that light 
may be received by the light-receiving system of an optical fiber 22, the optical output 
change also with a slight big angle change will arise, so that it may be shown. 
Consequently, efficient light modulation can be performed. 

[0040] Thus, since the waveguide conditions of the optical waveguide formed of the 
photograph nick crystal are changed using electric field, they can obtain an optical 
modulator faithfully convertible [ with the electrical signal of a RF ] into a lightwave 
signal regardless of electron-transfer time etc. Moreover, with optical system, since 
outgoing radiation angle change of light is expandable to a position gap of the image 
formation point to an optical fiber and a required angle change, i.e., refractive index 
change, may be small, it can drive in the small drive circuit of driver voltage. 
[0041] In the above, although the form of operation of this invention was explained, the 
form of operation of this invention indicated above is instantiation to the last, and the 
range of this invention is not limited to the form of implementation of these invention. 
The range of this invention is shown by the publication of a claim, and includes the 
publication of a claim, an equal meaning, and all change in within the limits further. 
[0042] 

[Effect of the Invention] By using the optical modulator of this invention, it becomes 
possible to change an electrical signal into an optical on the strength signal faithful to 
the wave of the electrical signal. 
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